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I, Toshikazu Hirota, hereby declare and state that: 

1. I am one of the inventors named in Ihe abovc-idcntified patent application. 

2. 1 received a BS Degree in Chemistry from Kyoto University in 1985 and a 
Masters Degree in Chemistry from Kyoto University in 1987. 1 have been cniployed by 
NGK Insulators, Ltd., the assignee of the present application, since April of 1987. During 
my employnteni at NGK Insulators, Ud.. I have been involved i« research and development 
of electronic ceramics and, since 1992, particularly in the area of pie«>electric/eleclrostrictive 
devices,, 

3. I am familiar with the prosecution history of the above-identified appUcation, 
and have reviewed the Office Action mailed July 28. 2003. It is nny understanding that the 
PTO Examiner believes that hiochips formed using an ink-jet apparatus, as claimed, are not 
structurally distinct from biochips formed by pin-head arraying devices. The present 
invention, however, is based, at least in part, on the discovery that the ink-jet process 
provides a stracturaUy distinct biochip over biochips formed using conventional pin-head 
methods. 
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4. Tne ink-jet process, as compared to conventional pin-head naethods, 
provides a structurally distinct biochip, because of the non-contact nature of the ink-jet 
process. In accordance with the invention, a first ink-jet sample spot that has a desired 
spot size and/or a desired capture material concentration is supplied onto a base plate and 
allowed to dry. A second ink-jet sample spot, which, for example, can have the same or a 
different spot size in relation to the first ink- jet sample spot and/or the same or a different 
capture material concentration, is then supplied on top of the dried first ink-jet sample 
spot. Due to the non-contact nature of the ink-jet process, the integiity of the dried first 
ink-jet sample spot is not affected by the delivery of the second ink-jet supplied sample 
spot. This is not the case with pin-head methods, in that the pin must contact the base 
plate during every application of material. This contact adversely affects the integrity of 
any spots already present on the base plate and thus adversely affects the uniformity of 
spot concentration across the test slide. 

5. The following experiments were conducted by me or under my 
supervision to prove that use of an ink-jet process, as claimed, precisely delivers capture 
solution spots having a more accurate and reproducible capture material concentration in 
comparison to capture solution spots that are supplied onto a base plate using 
conventional pin-hcad methods. 

(1.. The Table attached hereto shows the resultf? of a direct comparison 
between the variations of fluorescent signal intensities emitted from ink-jet delivered 
capture solution spots having a relative capture material concentration (i.e., target 
concentration of capture solution 1, 2 or 3) and capture solution spots having the same 
relative capture material concentrations delivered by a pin-head method. A total of 60 
spots were formed on a base plate. Each spot within the first group of 30 spots was 
formed using the ink-jet meihod, while each spot in the second group of 30 spots was 
formed using the pin-head method. After the first drops were allowed to dry, a second 
sample drop was supplied using the ink-jet method to 20 of the 30 spots in the first group, 



and a second sample drop was supplied using the pin-head method to 20 of the 30 spots 
in the second group. After the second drops were aJlowed to dry, a third sample drop was 
supplied using the ink-jet method to 10 of the two-drop spots in the first group, and a 
third drop was suppHed using the pin-head method to 10 of the two-drop spots in the 
second group. The finished test slide, therefore, had two groups of 30 spots, and within 
each group there were 10 one-drop spots, 10 two-drop spots, and 10 threcdrop spots. 

7. A solution including a target material capable of reacting with the 
corresponding capture materials in the capture solution spots formed on the base plate 
was then supplied onto each spot . The capture solutions used to fprm the spots contained 
relative concentrations of capture materials (i.e„ target concentration of capture material 
1, 2 or 3) that were adapted lo specifically react with the target materials in the target 
material solution which was, for example, a positive control. The reaction between the 
capture solution spots and the target material solution caused a fluorescent signal to be 
emitted from each reacted capture solution spot. The fluorescent signal intensity value 
from each spot was obtained by subtracting background fluorescence, such as, for 
example, fluorescence emitted from the base plate itself, from the total fluorescence 
emanating from the reacted capture solution spots and the base plate. The capture 
solution fluorescent signal intensities were delected and measured using a conventional 
scanning apparatus. 

8. The Table shows that the fluorescent signal intensities emitted from each 
of the individua] spnis within each capture spot group of pin-head delivered capture 
solution spots vaiy significantly from one another in compari.son to the much smaller 
variation between the signal intensities emitted from the individual spots within each 
capture spot group of ink-jet supplied capture solution spots. For example, while the 
standard deviation of signal intensities between ink-jet delivered spots in the relative 
target concentration capture spot groups 1-3 was 310, 311 and 435, respectively, the 
standard deviation of signal mtensities between pin-head dehvered spots in the same 



relative target concentration capture spot groups 1-3 was 656. 889 and 979. respectively. 
The lower standard deviation between the ink-jet delivered capture soluUon spots, as 
compared to the higher standard deviation between the pin-head delivered capture 
solution spots, proves that the claimed ink-jet process consistently delivers capture 
solution spots having a more exact, desired ainount of capture material per sample spot 
This is due to the non-contact nature of the ink-jet method. 

9. The relatively higher standard deviation between the pin-head delivered 
sample spots is due to the contact, disruptive natuie of the pin-head method. These 
results show that the degiec of accuracy and precision in capture material per spot 
attributable to the claimed ink^jel process is not attainable using prior art pin-head 
arraying devices. 

10. The comparative table of signals also shows that a .significant variation 
exists between the standard deviation of fluorescent signal intensities emitted from each 
group of capture solution spots delivered using a pin-head device when compared to the 
signal inlensitieiJ of those same groups of capture solution spots supplied onto the base 
plate via the ink-jet process. For example, while the standard deviation values for the 
signal intensities between the ink-jet delivered spots in relative target concentration 
capture spot groups 1 and 2 are practically identical (Le, the standard deviations are 310 
and 311, respectively), a much wider gap exists between the standard deviatfon values for 
the signal intensitie.s between the pin-head delivered spots in relative target concentration 
capture .spot groups 1 and 2 (i.e. the standard deviations arc 656 and 889, respectively). 

11. The practically identical standard deviation values for the signal intensities 
emitted from the ink-jet delivered capture .solution spots in relative target concentration 
capture spot groups 1 and 2 is attributable to the non-coTjtact nature of the ink-jet process. 
That is, the dried first ink-jet sample spot (having a target concentration of 1) is not 
affected by the delivery of the second ink-jet supplied sample spot (to provide an overall 
target concentration of 2). The standard deviation values for the signal intensities 



between the pin-head delivered spots in relative target concentration capttire spot groups 
1 and 2 varies widely due to the contact nature of the pin-head method These results 
show that the more exact, desired amount of capture material per sample spot attributable 
to the claimed iiik-jct process is not attainable using prior art pin-head arraying devices. 

12. The graph attached hereto provides additional quantitative proof that the 
non-contact nature of the claimed ink-jet process makes it possible to reproducibly 
deliver a more exact, desired amount of capture material per sample spot as compared to 
prior art pin-contact methods. The graph shows the existence of a linear relationship 
between the emitted signal intensities (which correspond to the relative target 
concentrations of each of the sample spots) of each ol the ink-jet capture spot groups 1-3. 
That is, there is a clear linear relationship between the 3 groups. While the signal 
intensity values for iiik-jet capture spot groups 1-3 arc tightly packed around their 
respective average signal intensity values, it is difficult to ascertain whether the emitted 
signal imensity values for each of the pin-head capture spot groups 1-3 even belong to the 
same capture spot group. For example, it is clear that the signal intensities for the pin- 
head capture spot gioups 1-3 are widely scattered and there are several instances in which 
the signal intensity values for one capture spot group overlap with the signal intensity 
values of another capture spot group. Accordingly, ihe graph results provide further 
proof that the more exact, desired and reproducible amount of capture material per 
sample spot attributable to the claimed ink-jet process is not attainable using prior art pin- 
contact arraying devices. 

13. The results of this experimentation clearly show that the claimed ink-jet 
process provides a structurally distinct blocWp in comparison to a biochip that is 
fabricated using conventional pin-head methods. 
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1 toby dectec .ha. .U «a.cmerts made herein of my own IcnowMge are true 
andtha, aS ..alcn,e».. mad. o„ infon=atio„ and belief are bcUeved ,0 be .n.e; a..d S.rther 
.ha, tee ..atements were made with .he tawl«ige .hat willful false s,a,eme„.. and ,he 
,to so made are pnnishaHe by fine or i^prisomnen, or borh. .„der SecUon 1001 of Tnle 
18 of .he United States Code and that such wfflfnl Mse statements may jeopanto the 
validity of Uie application or any patent issued thereon. 

Enclosures: 
Comparative Table of Signals 
Comparative Graph of Signal Intensities 
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Comparative table of signals which are obtained ink-jet method and pin method 





taiget 












(%) 1 


spotting 


joncenti at i 


0 measured value 


s i gna 1 




standaid 


cof f icient 1 


method 


of captuxe 


spot 




intensity 


average 


deviation 


of variatic 










3 316i 










■. 


L oo4 


c: c:7 


5 2765 


) 










L 000 


^ Ob* 


5 33 IC 


5 








■ 


L 0/0 




5 320^ 


i 








- •■" 


L 326^ 


i 57( 


5 268? 














J b f 


r ciij x.<L. 


) 












3 cro< 

5 bye 


^ 236( 


) 












1 croc 
3 bo^ 


J t i 














) b /c 


) Z / D / 










_ 




7 tr7 c 
: b ^ 1: 


^ 9P 1 '/ 

) Zo 1 / 


^ 909c 

ZoZc 




1 1 n Q7 






ETC ETC 

oboe 


) o7t 












c. 


coo*: 

582c 


) 58C 


/ Oii'iC 










c. 




i bOii 


* 0 ( Ovj 








.J . 

LUK ,j©i^ 




Dlo / 


D It 


> ODl 1 










2 

""" """ *"""' "2 




coil 

boll 


> b / ^ 

58] 


573C 










2 


Oo ( 1 


b * L 


5301 










2 


OOOi; 


DoD 


4774, 










2 


DiZO 




5549 










2 


DiU / 


b / 1 


5536 


5374 


311 


5. 79 




3 




0 f y 


7505 










3 




ooy 


7633 










"""" 3 


Q rjo 


"* ' '"£07 




8555 










3 


00 Ta 

oZ40 


„.„„.. 

OoZ 












3 


cS ( ZU 


b ( 0 


8142 










3 


OUOU 


biU 


7420 










3 


RRntTi 

oouo 


000 


8222 










3 


PQ9R 

oyzo 


boU 


8348 










3 


ooiU 


ir Q 9 
boZ 


7728 










3 


/ 0^ ( 


b / 0 


7271 


7849 


TfcOtJ 






1 


Q 1 9Q 


c:70 

b /y 


2550 










1 


Zobo 


b / Z 


2293 










I 


ooU/ 


b / b 


9Q*^1 










i 




b / b 










1 


zioo 


cro7 
bo f 










1 


oUoo 


ETC A 

bbU 


2523 










1 


,?..Q?.? 


579 


1497 










1 




580 


3555 








1 


obb / 


£r7n 

b /y 


2988 








1 


oZu / 


b /4 


2683 


2446 


DOD 


ZD. oi 


2 


4373 


574 


3799 








2 


/< 1 70 

4i / y 


ceo 
bbo 


3611 








2 


bUi ( 


ob4 


5453 








pin 


2 


4boo 


bob 


4117 






method 


2 


60 ( { 


con 


2797 








2 


bilb 


551 


4565 










2 


bb4b 


ceo 

boz 


4984 








2 


4yoy 


' 567 


4372 








2 


3745 


=-., ' 568 


3177 








2 


3442 


560 


. 2882 


3976 


QQQ 


zz. Ob 


3 


6153 


553 


5600 










3 


7856 


555 


7301 










3 


6819 


554 


6265 








3 


■4921 


551 


4370 








3 


7598 


550 


7048 








3 


6889 


549 


: 6340 








3 


6414 


550 


5864 








3 


5797 


549 


5248 








3 


7040 


550 


6490 








3 


5102 


551 


4551 


59081 


979 


16. 58 



signal intensity 







ro 


CO 


4^ 


cn 




■-^ 


CO 


<D 




o 


o 


CD 


O 


o 


o 


o 


o 


CD 




o 


o 


o 


O 


o 


o 


O 


o 


CD 


o 


o 


CD 


CD 


o 


CD 


CD 


CD 


o 


CD 



o 











s 

31 












c 

D 


y ~ 










c 






a 

c 
c 

^ 

T = 

CD ju 


— > 

> _^ 

) _ 

> _ 

c ^ 

— 




m 

m. 

^ a 
9r 
m 


s 


f 


H 


















a 

a 

a 








ion 

method 


- 










a 

a 

a 
a 




s 




CO 


- 












i 


a 

a 


B 


















a 

"5 


a 

a - - 


















a^ 

a 


a 








^ i 














1 2 

pin method 






II 

- m 
m 


s 

a 

a ^ 

- 


t 

a 

a 


a 


^ -s 

\ 












a 


a 




a 








CO I 










a 


/• 


a 


a , ^ 














-----^ 


a 

a— 


II 

a 


1 





















